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SUMMARY 

An investigation was conducted t o  compare the performances of Navy 
Jet Mix and MIL-F-5624A (Jp-3) fue ls   in  single combustors from current 
turbojet  engines. The Navy Jet M i x  fuel  used was composed of three 
pasts MIL-F-7914, grade JP-5 fue l  and one part  unleaded MIL-F-5572 fuel. 

.. 
? 
'3 Combustion efficiencies and altitude  operational limits were determined 4 

b with  both fuels i n   t h e  J33, 535, 547, and U C A  experimental  annular 
co&ustors i n  a range of a l t i tude  from 20,000 to'60,000 feet and engine 
rotor speed  from-.40- t o  100-percent normal rated a t  a flight Mach num- 
ber of 0.6. Carbon-forming tendencies of both fuels were determined 
in   the  533 conibustor. 

The results  indicate that the unleaded Jet Mix fue l  could  be u t i -  
l ized  sat isfactor i ly  over the normal operating  range i n  a number of 
representative current turboJet  engines. Small (3 t o  5 percent)  posi- 
t i v e  o r  negative  variations  in c-ustion efficiency  occurred between 
the two fuels   but   this   var ia t ion depended on the  particular engine  oper- 
ating  condition. The Jet Mix fue l  gave lower al t i tude limits than JP-3 
fuel throughout the  altitude-speed range investigated i n  the 533 com- 
bustor; however, with  the  other  tubular cambustors a difference  in  
limits was obtained  only i n   t h e  low rotor-speed  range. The variation i n  
fuel  type did not affect the  altitude  operational limits of the  NACA 
experimental  annular combustor. Excessive  carbon  deposition is not  pre- 
dicted f o r  unleaded J e t  Mix f u e l  although this property may be  marginal. 
The aromatic  content of th i s   par t icu lar  Jet Mix f u e l  w a s  13.4  percent; 
Jet Mix fuels  containing  higher  percentages of aromatic  constituents 
may give more carbon  deposition. Also, the Jet Mix fuel tes ted did not 
contain  the  tetraethyl  lead  that would normally be present. The effects  
of the  lead  additive were not determined. 
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INTRODUCTION 

Carrier-based je t   a i rcraf t   operate  on high-volatility, low-f lash- 
point  fuel which  must, for  safety  reasons,  be  stored  in  protected, 
centrally  located bunkers  aboard the  carriers.  The capacity of these 
bunkers is  much less than  the  capacity of the  perimeter  bunkers  contain- 
ing  the  necessary  fuel-oil supply. The jet-fuel  capacity  could  be  in- 
creased and the frequency of refuellug deceased by u t i l i z ing  some of 
these  perimeter-bunkers f o r  Jet-fuel  storage.  Safety  requiremente per- 
mit only high-flash-point . (above 140° F) fuel t o  be stored in these un- 
protectedbunkers and. such f'ue.1 would not:perform  satisfactorily  or 
meet freezing-point  requirements in  present turbojet   a i rcraf t .  IT a 
special kerosene  type fuel were obtained which  would meet the high- 
flash-point  safety  requirements,  this fuel could  then  be  stored-in 
perimeter  bunkers and blended  with  carrier  reciprocating-engine air- 
craft  gasoline (",-F-5572, grade 115/145) as required. A blend, of75- 
percent  high-flash-point  kerosene  fuel (MIL-F-7914, grade Jp-5) and 
25-percent aviation  gasoline met the  freezing-point  requirements and 
was designated Jet Mix fuel. The u t i l i za t ion  of t h i s   f u e l  I s  c0n-t;ingen-t 
upon the  satisfactory  operation of Je t  engines 0 ~ 1  a blend of this   type.  

Investigations comparing the performance of  Jet Mix fuel and other 
fuels  in  current  turbojet  engines and t he i r  C o m b u 8 t O r 8  were conducted 
a-kthe.NACA Lewis laboratory.  Results of studies i n  a full-scale 534 
turbojet engine comparing Jet Mix and unleaded clear  gasoline  fuels are 
reported  in  reference 1. This  report  presents  data  obtained with J e t  
Mix and MIL-F-5624A (JP-3) fuel8 in eeveral single-combustor test 
units, and evaluates combustion efficiency, combustion s tab i l i ty ,  and 
carbon deposition. The J e t  Mix .fuel used in   this   invest igat ion was 
blended by volume from one part  unleaded MIL-F-5572 fuel and three parts 
MIL-F-7914, grade JP-5 fuel.  The blend.did not  contain the te t raethyl  
lead  that  would be  introduced  with  leaded MIL-F-5572, grade 115/145 Rrel 
used  aboard carriers.  

Combustion efflciencies and a1;titude operational limits of both 
f'uels were determined i n  J33, 535, J47, and WCA annular combustors. 
The tubular combustors w e r e  staidard  production unita a l l  currently 
operated on  MflIL-F-5624A ( J P - 3 )  fuel ;  the RAGA annulaz  canbustor 10 an 
experimental  unit developed t o  operate un MIL-F-5624A (JP-3) fuel. 
The performance variables. were determined i n  a range of a l t i tude  from 
20,000 t o  60,000 fee€,  engine rotor speed from 40- t o  100-percent normal 
rated, and a f lightMach number  of 0.6. Carbon-f orming tendencies of 
both fuels were determfned i n   t h e  J33 codxistor only and the   resu l t s   a re  
presented and discussed i n  r e l a t ion   t o  the NACA carbon-deposition  cor- 
relation  used  in  reference 2. 

co cu 
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The combustors used in   th i s   inves t iga t ion  were instal led in the  
laboratory  air-supply and exhaust ducting  with  valves  located  upstream 
and downstream t o  control   a i r  f l o w  rates  and pressures.  Electric and 
gasoline-fired  preheaters were used t o  control  the conibustor in le t -a i r  
temperatures. The detailed  instrumentation and equipment features of 
the combustors used have been presented i n  previous EIACA reports:  the 
533-A-23, the J35-C-3, the 547, and the NACA annular conibustor, except 
f o r  minor changes i n  air admission  holes in  the  l iner,   in  references 3, 
4, 5, and 6, respectively. 

Estimated combustor inlet-air  conditions and conibustor outlet-gas 
temperatures that were used t o  simulate  engine  operation at various 
al t i tudes and engine r o t o r  speeds can be found f o r  the 533, the 535, 
the 547, and the NACA annular combustors, in  references 7, 4, 5, and 6 ,  
respectively. 

The cordbustion efficiency  values  reported  herein were computed as 
the   ra t io  of the measured enthalpy r i s e  of the  fuel-air  mixture  across 
the combustor t o  the  heating  value of the  fuel .  A correction was made 
f o r  the  difference between the  enthalpy of the carbon  dioxide and water 
vapor in   t he  burned  mixture and the  enthalpy of the oxygen  removed from 
t h e   a i r  by the  formation of the carbon  dioxide and water vapor. The 
thermocouple indications were taken  as true values of t o t a l  temperature 
and no corrections were made for  radiation  or  stagnation  effects. 

The data presented  herein  should not be  used t o  compare combustor 
type and design  because  the  values of combustion efficiency  reported 
were, In some cases,  obtained from a limited number of  exhaust-gas tem- 
perature  probes. However, the  differences  in performance obtained 
between the two fuels are  considered  sufficiently  accurate  as any  tem- 
perature measuring errors would be present  in  both sets of data  obtained 
with each cordbustor. 

FUELS 

The analyses of the   fuels  used in   this   invest igat ion are shown i n  
table I. The  MIL-F-5624A (Jp-3)  fuel (MACA f u e l  51-186) was a repre- 
sentative  batch as received from the  supplfer and met the Jp-3 fuel 
specification  with  the  exception of the  freezing  point, which was 14O F 
t o o  high.  The.Jet M i x  fue l  (NACA f’uel 51-201) w a s  blended by volume a t  
the L e w i s  laboratory from  one part  unleaded MIL-F-5572 fue l  (NACA fuel 
49-167) and three  parks MIL-F-7914, grade 3p-5 fue l  (NACA fue l  51-170). 
The unleadedMIL-F-5572 fue l  w a s  the  base  stock  used in the  preparation 
o f  grade ll5/145, MIL-F-5572 fuel.  L 
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The unleaded Jet M i x  fue l   fa l l s   wi th in  MIL-F-5624A (JE-4) f u e l  
specifications  ekcept that the  freezing  point is 16O F too high; there- 
fore,   the comparisons between Jp-3 and Jet Mix fuel performance are 
appli-ble t o  cornp@risons...between m-3 .and Jp-4 - - . - - - -. fuel . - . . . performance. " . . 

". 

RESULTS AND DISCUSSION 

Combustion Efficiency and Altitude  Operational L i m i t s  
Eu 
00 
d 
N The data  obtained  with  several combustors and Jet Mix and Jp-3 

fuels   are  swnmarized i n  table 11. The variation of'-combustion efficiency 
with  simulated  engine rotor speed f o r  the-two fuels is shown in  figure 1 
f o r  each codustor  investigated  over an a l t i tude  range &om 20,000 t o  
60,000 feet .  Cross plots  sharing  the  effect of altitude on the combue- 
t ion  eff ic iencies  of the two fuels a t  two constant simulated rotor-speed 
values are presented i n  figure 2. A com~arison of engine a l t i tude  oper- 
a t ional  limits obtained  with  both-fuels f o r  all the combustors is pre- 
sented i n  figure .3. 

J33 combustor. - The combustion efficiency  values  obtained i n   t h i s  
combustor with Jet Mix fuel are nearly as high as those  obtsined  with 
JP-3 f'uel  throughout  the  altitude and rotor=speed  range  investigated, 
the maximum difference  being  approximately 3 percent  (fig. l (a ) ) .  An 
exception i s  the high simlated rotor speed and 60,000-foot, a l t i tude  
condition where the combustion efficiency of JP-3 fuel decreases  very 
rapidly  to a value about 10 percent lower than that-nf the  Jet  Mix fuel. 
The altitude  operational l i m i t s  with Jet Mix-fuel are 7500 t o  8000 feet 
lower than  the ldmits with Jp-3 Fuel, as shown In figure 3(a). 

J35 conibustor. - The combustion efficiency  values  obtained  with 
Jet MIX fuel i n   t h i s  combustor are better  than  those  obtained  with JP-3 
fue l  at 90-percent  simulated rated  rotor  speedj however, the  order is 
reversed at the low simulated  rotor-speed  condition. The maxim dif- 
ference i n  cornbustion efficiency  aireither speed was about 4 percent 
(fig.  2(b) ) .  The altitude  operational limit curves followed a s i m i l a r  
pattern,  with Jp-3 fuel providing limits 12,000 feet higher than J e t -  
M i x  fue l  a t  40-percent  simulated  rotor speed, as .shown in   f igure 3(b). 
As simulated  rotor sj?eed increased, the difference decreased; a t  65- 
percent- normal rated  rotor speed, t h e  a.ltLtude. operational limits of the 
two fuels  are  identi-cal. . . . . . . . . .. 

547 combustor. - The combustion efficiency data obtained  with this 
combustor indicate  the same trends observed i n   t h e  J35 combustor; tha t  
is, at the low simulated  rotor-speed condition (f ig .   2(c)) ,   the  Jp-3 
fuel provides higher  efficiency  values  over most of the  a l t i tude range 
investigated, whereas at the high  simulated  rot6r-speed-condition  the 
order i s  reversed. The maximum dif ference   in   cdus t ion   e f f ic iency  was 
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greater  with this combustor, being  approximately 8 percent at the low 
simulated  rotor-speed  condition. The a l t i tude  limit curve  obtained  wfth 
each f u e l  is  iden t i ca l   a t  each end of the range of  rotor speeds  inves- 
tigated  [fig.  3(c) ), but elsewhere the  limits observed  with J e t  M i x  f u e l  
were as much as 7000 fee t  lower. 

Annular canibustor. - The J e t  Mix f u e l  gave higher  efficiencies  in 
the  annular combustor a t   a l t i t udes  above 30,000 f ee t  and the low simu- 
lated  rotor-speed  condition,  with a maximum difference of 6 percent a t  
40,000 feet, as shown i n  figure 2(d). A t  the  high sirmxlated r o t o r -  
speed  condition,  the Jp-3 fuel gave higher combustion efficiencies 
over  the  a l t i tude range investigated,  varying from 1 percent a t  30,000 
f e e t  t o  9 percent a t  50,000 feet. No differences  in   a l t i tude opera- 
t i o n a l  limits of  the two fuels  were observed i n   t h i s  combustor. 

The three tubular combustors used i n  this   invest igat ion had, i n  
general,  higher  altitude  operational limits w i t h  Jp-3 f u e l  than  with 
Jet Mix fuel .  The difference  in conibustion efficiency values obtained 
with  each f u e l  depended  on the  specif ic   a l t i tude and rotor-speed con- 
di t ion simulated;  generally,  the Jp-3 fue l  provided efficiencies 3 t o  
5 percent  higher  than  Jet Mix fue l  at the lowest  simulated r o t o r  speeds 
and altitudes  investigated, whereas the Jet Mix f u e l  provided efficien- 
cies 2 t o  3 percent  higher  than Jp-3 Are1 at the  higher  simulated r o t o r  
speeds  and alt i tudes  investigated.  The trends  in combustion efficiency 
data for   the  NACA annular conibustor w e  opposite t o  those  obtained  with 
the  tubular combustors and no difference  in  al t i tude limits was observed 
with  the two fuels  in  the  annular conibustor. 

Carbon-Deposition Characteristics 

The amounts of carbon  formed  by the  two f u e l s   i n  4 hours of opera- 
t ion of the 533 combustor aze p lo t ted   in   f igure  4 on a previously 
developedcorrelation curve  given in  reference 3. The unleaded J e t  Mix 
fue l  formed twice  as much carbon (7 g) as did  the  particular Jp-3 fie1 
used in   this   invest igat ion.  Single-combustor arld ful l -scale  engine 
carbon-deposition values are analyzed and plotted on th i s   cor re la t ion  
in  reference 2, showing t ha t  a f u e l  having  an NACA K factor of 310 o r  
less will not  give  carbon-deposition problems in  current  turbojet 
engines that have been  designed f o r  use  with JT-3 type  fiels.  Figure 4 
shows that J e t  M i x  f u e l  has a K factor  of  approximately 305 and there- 
fore w i l l  operate  satisfactorily  without forming excessive  carbon 
deposits. Th i s  fuel  quality  estimate does indicate, however, t h a t  J e t  
Mix f u e l  i s  marginal  with  respect t o  carbon deposition and that   o ther  
J e t  Mix fuels with a larger  percentage of aromatic  constdtuents  can  be 
expected to yield more carbon. - 

. 
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The te t rae thyl  lead additive that would be  present when the fuel 
is bleaded from leaded MIL,-F-5572 fue l  aboard carr iers  could r e su l t   i n  
increased  deposits. An investigation of carbon deposition  in a 533 
single combustor using fuels containing  metallic  organic addi t lves ,  in- 
cluding  tetraethyl lead, is described i n  reference 8. The resu l t s  
indicated  that  the  concentration of te t raethyl   lead that would be  pre- 
sent i n  Jet Mix fue ls  used in  carrier-based  aircraft  would probably de- 
crease carbon  formation  but  the added lead oxide deposition would 
probably  increase  the t o t a l  weight of deposits. 

CONCLUDING REMARKS 

The performance investigation  with  both  tubular and annular-ty-pe 
conibustors indicates  that   Jet  Mix f u e l  can be used  satisfactorily  over 
the normal operating  range in a number of representative  currenkturbo- 
jet  engines. A 6-U (3 t o  5 percent)  gain or loss i n  combustion effi- 
ciency from tha t  provided  by the Jp-3 fue l  used i n  this investigation 
may r e s u l t   b u t t h e   v a r i a t i o n   i n  performance may depend on the  particular 
a l t i tude  and rotor speed condition at which the engine is operated i f  
t he   J e t  Mix fue l  is used. In   the 533 conibustor, the   a l t i tude  limits 
were lowered  approximately 8000 feet with  Jet  Mix f’ueUhroughout  the 
aimulated rotor speed  and a l t i tude  range investigated. For the  other 
tubular combustors, the  Jet  Mix fue l  gave lower a l t i tude  limits than 
the JP-3 fuel only i n  t h e  low simulated  rotor-speed range, Bo differ- 
ence in  altitude-operational limits between fuels w a s  f aund with  the 
experimental.NACA annular combustor. No excessive  carbon  deposits were 
encountered  with  unleaded Jet Mix fuel, although t h i s  fuel may be mar- 
g ina l   in  this respect. 

Lewis Flight  Propulsion  Laboratory 
National Advisory Committee f o r  Aeronautics 

Cleveland, Ohio, April 21, 1954 
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TABLE I - FUEL MALYXE8 

Fuel  properties 

A.S.T.M. d i s t i l l a t i o n  
D86-46, (%) 
Initial boiling  point 
Percentage  evaporated 

5 
lo 
20 
30 
40 
50 
60 
70 
80 
90 

Final boiling point 
Residue  (percent] 

. "" 

LOSS (p€ZCellt) 

m e z i n g   p o i n t  (OF) 
Aramatics 

S i l ica  gel  (percent 'try 
volume) 

Si l ica   gel   (percent  by 
weight) 

Om1 

( W s q  in. 1 

O l e f i n s  

Gravity 

Specific 
Reid  vapor  pressure 

Hydrogen-arbon r & t i o  
Heat  of combbustion 

Gum, ( W / l O O  a) 
(Btu/lb) 

g b  je t   res idue 
Accelerated 

h1-e point ( O F )  
Bromine  number 
Flash point (9) 

. .  

UL-F-5624A (JP-3) 
NACA fuel 51-186) 

ll8 

158 
177 
205 
234 
263 
294 
328 
359 
397 
433 
492 
1.3 
1.1 

-62 
9 .o 

.5 

55 .a 
,756 

6.5 

.171 
18,740 

1 
5 

137.1 
.7 """"_ 

Navy J e t  Mix 
( W A  f u e l  
51-201) 

142 

192 
230 
289 
338 
371 
394 
407 
420 
436 
457 
499 
1.1 
1.0 

-60 
13.4 

.5 

48.7 

2 .o 
.785 

.la 
18,670 

2 
4 

142.2 
.5 

""""" 

SrF- 7914, 
rade Jp-5 
mACA fuel 
51-170) 

357 

371 
375 
385 
393 
402 
4u 
42L 
433 
hb8 
464 
502 

0.7 
.2 

"-" ""- 

""_ 
43.7 .808 

.2 

""-" 
"""- 

"""_ 
145.8 

142 

""_" 
""-" 

. .. ", 

hleaded 

NACA fuel 
49- 167 ) 

UL-F-5572 

120 

I36 
161 
182 
196 
205 
210 
217 
221 
227 
239 
309 

1.0 
2 .o 

""- "_" 
""_ 
66.3 

.715 
5.0 

""" 

""" 

""" 

""" 

""" 

""" 

""" 
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I . ." . . . . ~ -L ". 

1 

- 
2.1s 

s.15 
2.68 

S.4S 
1.82 
1.90 
2 . u  

2.44 
2.20 

1.02 
E.80 

1.44 

1.71 

l.ar 
1.59 

.61Q 

.E42 

.787 

.BO5 

. B M  
1.010 

,406 
.56a 
.a09 
* 8 M  - 
- 
2.1s 
2.87 
5.15 

1.54 
1.E9 
2.21 
2.23 
2.44 
S.81 
1.04 
1.02 
1.% 
1.43 
1.38 
1.70 

sese 

,048 
,793 
,900 
.9Bo 
.e85 
.6l2 
,062 - 

JP-3) mal 

.0149 .OM)& 

.015E 

- 
Bo 

80 
90 
BO 

80 
70 

70. 

2 
1w 

EO 
70 
en 
80 1w 
60 80 

70 
EO 
BO 1w 70 

00 

100 
BO 

- 
0.781 

A73 
-079 .os 
.e42 
,785 
.B25 
.B18 
.a .m 
.66E 
.a1 
'.BU 

aiaablS 
.971 

.5cB .505 

.715 

.876 

.ea5 .E3 

.E36 

.ea8 

.Ma 

.m 

109 
119 
121 
108 
108 

U 8  
116 

ll6 
L10 
103 
109 
112 
u 2  
106 

110 
110 
116 
114 
107 

115 
112 
106 

98.9 

85.2 

98.0 

590 
3.0 
2.9 

4.6 
4.9 
2.2 

3.5 
2.9 

3.8 
3.2 

3.0 
1.5 
1.2 
2.2 
2.1 
2.6 

33.2 
41 .S 
51.6 
66.5 

56.9 
20.s 

s5.9 
45.2 
65.S 
14.6 
10.5 
23.5 

56.1 
9 .o 

11.6 
B .O 

1 4 3  
18.2 
22.6 

9.1 
11.4 
16.0 

28.6 

28.8 

7.e 

EO5 
634 
708 
752 

616 
870 
868 
724 

668 
778 

586 
647 

755 
653 
Bw) 
698 
848 
701 
7% 
588 
648 
688 
759 

sm 

mo 

Bo6 
855 
710 
727 
S80 
818 

670 

178 
7% 

e49 
547 
E96 
047 

762 
549 
596 
E 4 8  
702 
76s 
700 
755 

ern 

mi 

En.7 
64.4 

129 .4 

159.8 

97.4 

52.0 

56.0 

62.0 

59.1 
44.1 

E41 
708 

1067 
5a7 
414 
585 

1067 
EW 

5m1 
418 

1061 
788 

UIW r l s a  un 

532 

1.2 
1.2 
1.6 
1.7 
1.6 

.9 

1 .o 
.8 

1.0 

414 
567 

1067 
e01 

J D t  M 

97.P 
144.2 
56.8 

SE.9 
56.7 

49.1 
106 87.0 

34.1 
S8.4 
47.0 

106 55.8 

. .  

988 
10b0 
1248 
1910 

10M 
938 

lm 
1ee6 
1w5 
1845 
Bffi 
e05 
1010 
1a0 
1!d1 
1080 
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TABLE I1 - PERFORHANCB DATA FROM SEVERAL COWSTORS OPERATINO W I T H  IIIL-F-5624A (JP-3) AM, JXT MIX HIELS AT MACH NIRIBBR 0.60 - Concluded 

(d)  NACA m u l w  combustor 

Simulated 

veloci temperature dmp thMugh pressure rature to ta l  8 ed ( f t )  

Manifold 
referenoe  (lb/hr)  ratio  bustor  outlet  perahre rlaa Efficiency preasure differential (lb/eec) in l e t  inlet engine altltude 
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Y q m )  teTh~ Gym; ( f t / s e 3  aombuator (iri. ~ g )  
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6 7 8 9 lo 32X 

Simulated engine rotor sped, r p n  

I 1 I I I 
60 70 80 90 100 

Simulated engine rotor epeed, percent narmal rated 

(a) 533 combustor. 

Figure 1. - Varistlan of cornbumtion effioiency with simulated engine rotor 
speed over altitude range fmnn 20,ooO to 60,000 f ee t  far eeveral 
ocrmbumtars. Fuela, Jet Hiz and mF-5624B (Jp-3);  =soh nhber, 0.6. 
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Simuhted  engine rotor speed, rpm 

NACA RM E51JlY 

40 50 60 70 80 90 100 m 
Simulated engine rotor  speed, percent n o r m a l a t e d  

(b) 535 combustor. 

Figure 1. - Continued.  Variation  af-combustion efficiency with  simulated 
engine ro tor  epeed over  alt i tude.  range from 20,000 to 60,000 f e e t  f o r  
several  combustors. Fuels, Jet MIX md "F-5624A (Jp-3);  Mach 
number, 0.6. 
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Simulated engine rotor speed, rp 

I I I I I I i 
40 50 60 70 80 90 100 

Simulated engine rotor epeed, percent normal rated 

(c) 547 cabustor. 

Figure 1. - Continue&. Variation of combustion efficiency with 
simulated engine rotor speed over alt i tude range from 20,000 
t o  60,000 f ee t   fo r  several. combustors. Fuele, J e t  M i x  a d  
MIL-F-5624A ( J p - 3 ) ;  Mach  number, 0.6. 



16 NACA RM E5l.31'1 

100 Fue 1 
- MlLF-5624A (JP-3) 

- - - Jet Mix 

80 

SFmulated engine rotor  speed, r ~ p n  

I I I I I 
60 70 80 90 m 

Simulated engine rotar speed, percent normal ra ted  

(d) MCA a3muhr  combustor. 

Figure 1. - Concluded. Variation 09 canbustion eff ic iency with simulated 
engine rotor  speed over altitude range f- .20,000 t o  60,000 f e e t  for 
several cambuslnrs. Fuels, Jet E9ir and MIEB-562411 (JP-3); Maoh 
number, 0.6. 
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NACA RM E51J2.7 d 

110 I I 1 I 1 i 

Fuel - m-F-5624A (JP-3) 

Altitude, f t  

(a) 533 cambustor. 

Figure 2. - Effect of a l t l t ude  on cambustian efficiency  obtained 
a t  two conetant  simulated  rotor speeds for several car~lmstors. 
Fuels, Jet M i x  and MIL-P-562411 (JP-3);  Maoh number, 0.6. 
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18 NACA RM E51J17 

.O 3 
Altitude, f t 

(b) 535 combustor. 

Figure 2. - Continued. Effect of a l t i tude  on c m b u t i o n  
efficiency  obtained a t  two constant simulated rotor 
speeds f o r  several combutors. Fuels, Je t  MIX and 
MIEF-5624A (JF-3); Mach number, 0.6. 

. 



WCA RM E51J17 19 

1 
20 30 40 50 60 70X103 

Altitude, f t 

(c) J47 combustor. 

Figure 2. - Continued. F,fYect of altitude on combustion 
efficiency obtained at two constant simulated rotor 
speeds for several combustors. Fuels ,  J e t  Mix and 
MIL-F-5624A (JP-3) ;  Mach number, 0.6. 



I -"IL-F-5624A (JP-311 I I I 

Altitude, ft 

(a) NACA annular combustor. 

NACA RM E51Jl.7 

Figure 2. - Concluded. Effect of altitucle 011 
combustion efflclency  obtained a t  two constant 
simulated rotor speeds for   severa l  combustors, 
Fuels, Jet- Mix and MIL-F-5624A (JP-3); mch 
number, 0.6. 
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Simulated engine ro to r  speed, r p  

I I I I 
60 70 80 90 100 

Simulated englne rotor epeed, percent normal rated 

(a) J33 combustor. 

Figure 3. - Comparison of alt i tude  operational limits obtained with 
Jet ~ f x  and MIL-F-5624A ( J P - 3 )  fue l s  for several cambustors. 
Mach number, 0.6. 
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5 6x103 2 3 B 

6imulated  engine rotor speed, rpm Simulated e&ne rotor speed, r p  j 

u 
40 50 60 IO 30 40 50 60 
Simulated e r g h e  rotor speed, B h i i a t e d  e w e  r o p  speed, 

percent normal rated. Percent II0IPIB;L rated 

- 
(b) X55 ccrmbustor. (c) 547 ccpnbuator. 

Figure 5. - C o n t i n u e d .  Comparison of altit.uk  operational Mts obtained 
w i t h  Jet M c  and MIL-F-56244 (JP-3) -le for asvera l  ccmburJtm~. 
bch number, 0.6. 
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Simulated engine rotor. speed, rpu 

I I I I 
50 60 70 80 90 

Simulated  engine rotor speed, percent normal rated 

(a) NACA annul= conibuetor . 
F i m e  3. - Concluded. Comparison of altitude operational limits obtained 

with Jet Mix and MlL-F-5624A (JF-3) fuels f o r  several C C Z U ~ U S ~ O ~ S .  
Mach number, 0.6. 
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Vollrmetrlc average boll lng temperature, % Carban deposition, g 

Figure 4. - Carbon degoeltlon of Jet WX a d  MIL-P-5624k (&-3) feels correlated with volumstric average 
boiling temperature a d  hydrogen-carbon might ratio In 533 canbustor. Simulated engine candltlcms: 
altitude, 20,000 feet; em@ne wped, 90-percent normal rated; Mach number, 0.0; rtm tima, 4 hours. 
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